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(57) ABSTRACT

A method and system for correcting a fuel injection amount
that mjects fuel may include applying a current value for
injecting a target fuel amount and injecting fuel under a
driving condition 1n which fuel mjection 1s blocked; deter-
mining a frequency analysis value for a pressure signal of
the fuel pressure rail when the fuel 1s 1njected; determiming,
a Tuel amount difference corresponding to a difference value
between the frequency analysis value and a reference 1ire-
quency analysis value stored 1n a data storage in advance;
and correcting a current value of the imjector which 1s
applied to 1nject the target fuel amount to remove the fuel
amount difference.
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METHOD AND SYSTEM FOR CORRECTING
FUEL INJECTION AMOUNT

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority to Korean Patent
Application No. 10-2019-0071970, filed on Jun. 18, 2019 in

the Korean Intellectual Property Oflice, the entire contents
of which 1s incorporated heremn for all purposes by this
reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a method and system for
correcting a fuel 1njection amount, the method and system
correcting a difference of the fuel amount which 1s 1njected
through an injector using the characteristics of a pressure
signal which 1s detected from a fuel pressure rail.

Description of Related Art

A fuel supply system that sends fuel from a fuel tank to
an engine ncludes a fuel pump module that sends fuel 1n a
tuel tank to the front end portion of an engine high-pressure
pump, a high-pressure pump that increases fuel pressure to
high pressure, a fuel pressure rail that maintains the fuel at
high pressure before the fuel 1s mjected nto cylinders, and
an 1njector that finally imjects the fuel.

Meanwhile, in an electronic control fuel injection system,
an optimal fuel amount i1s determined to be suitable for the
operation state of an engine and the traveling state of a
vehicle by an Electronic Control Unit (ECU) and an appro-
priate fuel amount 1s 1jected through an njector by deter-
mimng a necessary fuel amount 1n accordance with opera-
tion of an accelerator pedal by a dniver.

However, there 1s a problem of a diflerence between the
actual fuel amount and a target fuel amount which 1s injected
through an injector due to several reasons including the
difference 1n quality of injectors, which results 1n a problem
of inaccurate control the temperature of a catalyst 1n addition
to deterioration of EM.

The information included in this Background of the
present invention section 1s only for enhancement of under-
standing of the general background of the present invention
and may not be taken as an acknowledgement or any form
of suggestion that this information forms the prior art
already known to a person skilled in the art.

BRIEF SUMMARY

Various aspects of the present invention are directed to
providing a method and system for correcting a fuel injec-
tion amount, wherein a diflerence of the fuel amount which
1s 1njected through an injector i1s corrected using the char-
acteristics of a pressure signal which 1s detected from a tuel
pressure rail.

In view of an aspect, a method of correcting a fuel
injection amount according to an exemplary embodiment of
the present invention may include: applying a current value
for 1njecting a target fuel amount to an 1njector and 1njecting
fuel when a fuel amount correction driving condition that
does not requires fuel injection 1s satisiied, by a controller;
detecting a pressure signal of a fuel rail pressure from which
tuel 1s 1njected when the fuel 1s 1mjected, by the controller;
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determining a frequency analysis value of the detected
pressure signal by the controller; determiming a fuel amount
difference corresponding to a difference value between the
determined frequency analysis value and a reference ire-
quency analysis value stored in advance, by the controller;
and correcting a current value of an injector of the fuel
pressure rail, the current value of the injector being applied
to 1ject the target fuel amount to remove the fuel amount
difference, by the controller.

The current value for injecting the target fuel amount may
be applied to one of several injectors of the fuel pressure rail,
injecting fuel through the corresponding injector.

The pressure signal may be a signal which 1s detected by
a pressure sensor mounted on the fuel pressure rail.

A frequency analysis value may be determined by ana-
lyzing the detected pressure signal through a Fast Fourier
Transtorm (FFT) algorithm.

The current value of the 1njector which 1s applied to mject
the target fuel amount may be corrected by: determining a
maximum {requency analysis value for the target fuel
amount through the FFT algorithm analysis; determinming a
difference value between the determined maximum fre-
quency analysis value and a maximum reference frequency
analysis value stored in the data storage for the target fuel
amount; determining the fuel amount difference correspond-
ing to the difference value; and determining a current value
corresponding to the fuel amount difference.

Current value correction of the injector may be sequen-
tially performed on all injectors of the fuel pressure rail.

Current value correction of the 1injector may be performed
for each corresponding target fuel amount by differently
setting target fuel amount to be learned.

When the fuel amount correction driving condition 1s
satisfied, fuel may be 1njected by applying a current value
previously learned through correction.

In view of another aspect, a system for correcting a fuel
injection amount according to an exemplary embodiment of
the present invention may include: a fuel injection controller
that applies a current value for injecting a target fuel amount
to an injector such that fuel 1s injected when a driving
condition that does not requires fuel 1jection 1s determined;
a pressure signal analyzer that detects a pressure signal of
the fuel pressure rail and determines a frequency analysis
value of the detected pressure signal when fuel according to
the target fuel amount 1s mjected; a fuel difference calculator
that determines a fuel amount difference corresponding to a
difference value between a frequency analysis value for the
determined target fuel amount and a reference frequency
analysis value stored 1n a data storage in advance; and a fuel
injection corrector that corrects a current value of the
injector which 1s applied to 1nject the target fuel amount to
remove the determined fuel amount difference.

According to an exemplary embodiment of the present
invention, the difference between a target fuel amount and
the amount of the actually 1njected fuel 1s removed and fuel
1s 1njected to be more suitable for the driving conditions of
the vehicle, whereby the temperature of a catalyst 1s more
accurately controlled. Accordingly, there 1s an effect 1n that
it 1s possible to improve EM and prevent hardware damage
to the catalyst.

The methods and apparatuses of the present invention
have other features and advantages which will be apparent
from or are set forth 1n more detail 1n the accompanying
drawings, which are incorporated herein, and the following
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Detailed Description, which together serve to explain certain
principles of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing the configuration of a system
for correcting a fuel injection amount according to an
exemplary embodiment of the present invention;

FIG. 2 1s a diagram showing an example of the configu-
ration of a controller according to an exemplary embodiment
of the present invention;

FIG. 3 1s a diagram showing an example of a process of
correcting a fuel injection amount according to an exem-
plary embodiment of the present invention;

FIG. 4 1s a diagram showing an example of pressure
which 1s detected through a fuel sensor of the present
invention; and

FIG. 5 1s a diagram showing an example of a frequency
analysis values for each target fuel amount of an input signal
which 1s detected 1n FIG. 4.

It may be understood that the appended drawings are not
necessarily to scale, presenting a somewhat simplified rep-
resentation of various features illustrative of the basic prin-
ciples of the present invention. The specific design features
of the present invention as included herein, including, for

example, specific dimensions, orientations, locations, and
shapes will be determined 1 part by the particularly
intended application and use environment.

In the figures, reference numbers refer to the same or
equivalent portions of the present invention throughout the

several figures of the drawing.

DETAILED DESCRIPTION

Reference will now be made 1n detail to various embodi-
ments ol the present invention(s), examples of which are
illustrated 1n the accompanying drawings and described
below. While the present invention(s) will be described in
conjunction with exemplary embodiments of the present
invention, 1t will be understood that the present description
1s not intended to limit the present invention(s) to those
exemplary embodiments. On the other hand, the present
invention(s) 1s/are intended to cover not only the exemplary
embodiments of the present invention, but also various
alternatives, modifications, equivalents and other embodi-
ments, which may be included within the spirit and scope of
the present invention as defined by the appended claims.

Exemplary embodiments of the present invention are
described hereafter in detail with reference to the accompa-
nying drawings.

FIG. 1 1s a diagram showing the configuration of a system
for correcting a fuel injection amount according to an
exemplary embodiment of the present invention, 1n which a
high-pressure pump 7 that increases the pressure of fuel
which 1s supplied from a fuel tank 9 to high pressure 1s
provided and a fuel pressure rail 3 1s provided to store and
distribute super high-pressure fuel increased 1n pressure by
the high-pressure pump 7 to individual injectors 1.

Inyjectors 1a, 15, 1c, and 1d are provided for cylinders,
respectively, to receive and supply fuel from the fuel pres-
sure rail 3.

Driving conditions reflecting the traveling state of a
vehicle are mput to a controller CLR to adjust the fuel
amount which 1s injected through the injectors 1 and a target
tuel amount 1s determined on the basis of the mput driving
conditions by the controller CLR.
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A pressure sensor 3 for measuring pressure in the fuel
pressure rail 3 1s mounted on the fuel pressure rail 3 and a
detecting value of the fuel pressure rail 3 detected by the
pressure sensor 5 1s transmitted to the controller CLR,
whereby pressure may be detected.

The controller CLR may be an ECU. The controller CLR
according to exemplary embodiments of the present inven-
tion may be implemented through a nonvolatile memory
configured to store algorithms for controlling operation of
various components ol a vehicle or data about software
commands for executing the algorithms, and a processor
configured to perform operation to be described below using
the data stored in the memory. The memory and the pro-
cessor may be individual chips. Alternatively, the memory
and the processor may be integrated in a single chip. The
processor may be implemented as one or more processors.

The controller CLR having the present configuration
according to an exemplary embodiment of the present
invention includes a fuel imjection controller 10, a pressure

signal analyzer 20, a fuel difference calculator 30, and a fuel
information corrector 40.

Referring to FIG. 2, first, the fuel injection controller 10
applies a current value for injecting a target fuel amount to
an 1njector 1 such that fuel 1s 1njected when 1t 1s determined
that a fuel amount correction driving condition that does not
requires fuel njection 1s satisfied.

When the fuel amount correction driving condition 1s
satisfied, the current value which 1s applied to the injector 1
1s a current value previously learned through correction and
fuel may be mjected 1n accordance with the applied current
value.

The controller CLR may further include a data storage 50
and current values that will be applied to the injector 1 for
cach of target fuel amounts may be stored 1n the data storage
50.

The target fuel amount 1s a fuel amount to be learned and
several target fuel amounts may be set within a fuel 1njection
amount which 1s used for pilot injection and may be stored
in the data storage 50. The learning order of the stored target
fuel amount may be freely determined or the learning order
of target fuel amounts stored in accordance with the travel-
ing states of a vehicle may be determined.

The pressure signal analyzer 20 detects a pressure signal
from the fuel pressure rail 3 from which fuel 1s 1njected,
through the pressure sensor 5 and determines a frequency
analysis value of the detected pressure signal when fuel
according to a target fuel amount 1s imjected. The frequency

analysis value of the pressure signal may be determined
using a FFT algorithm.

The fuel difference calculator 30 determines a fuel
amount difference corresponding to the difference between
the frequency analysis value for the target fuel amount
determined by the pressure signal analyzer 20 and a refer-
ence frequency analysis value stored 1n advance.

Reference frequency analysis values for pressure signals
detected from the fuel pressure rail 3 when fuel 1s 1njected
are stored 1n advance 1n the data storage 50 respectively for
target fuel amounts through tests. Accordingly, it 1s possible
to compare the frequency analysis value determined for the
pressure signal and a reference frequency analysis value
with each other.

The fuel 1njection corrector 40 corrects a current value of
the injector 1 which i1s applied to inject the target fuel
amount to remove the fuel amount difference determined by
the fuel difference calculator 30.

For example, when a correction current value for correc-
tion of the injector 1 1s determined, the fuel injection
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corrector 40 corrects and learns a corresponding current
value by reflecting the correction current value to the current
value of a corresponding target fuel amount stored in the
data storage 350. Accordingly, when a target fuel amount 1s

injected through a corresponding injector 1, the operation of 5

the mnjector 1 1s controlled with the current value learned
through correction and the fuel 1s 1njected.

Accordingly, the diflerence between the target fuel
amount and the amount of the actually imected fuel 1is
removed and fuel 1s 1mjected to be more suitable for driving,
conditions of the vehicle, whereby the temperature of a
catalyst 1s more accurately controlled. Accordingly, it 1s
possible to improve EM and prevent hardware damage to the
catalyst.

On the other hand, a method of correcting a fuel 1njection
amount according to an exemplary embodiment of the
present mnvention includes a fuel mjection control step, a
pressure signal detection step, a frequency analysis step, a
fuel amount difference determination step, and a fuel injec-
tion correction step.

Referring to FIG. 3, first, in the fuel injection the con-
troller CLR applies a current value for injecting a target fuel
amount to an injector 1 to inject fuel under a driving
condition that does not requires fuel injection.

That 1s, a current value for 1njecting a target fuel amount
1s applied to one of several injectors 1, whereby fuel 1s
injected through the corresponding injector 1.

The driving condition that does not requires fuel 1njection
may be overrun in which fuel which 1s supplied to an
injector valve when an engine brake 1s used or deceleration
1s performed 1s fully closed, and may be other driving
conditions 1n which fuel mjection 1s blocked.

Next, 1 the pressure signal detection step, the controller
CLR detects a pressure signal from the fuel pressure rail 3
from which fuel 1s imjected, as shown in FIG. 4.

The pressure signal may be a signal which 1s detected by
the pressure sensor 53 mounted on the high-pressure fuel
pressure rail 3 (e.g., a common rail).

In the frequency analysis step, the controller CLR deter-
mines a frequency analysis value of the detected pressure
signal.

For example, 1t 1s possible to determine a frequency
analysis value by analyzing the detected pressure signal
through a Fast Fourier Transtorm (FFT) algorithm and FIG.
5 1s a graph showing frequency analysis values respectively
for target fuel amount.

Next, in the fuel amount difference determination step, the
controller CLR determines a fuel amount difference corre-
sponding to the difference value between the determined
frequency analysis value and a reference frequency analysis
value stored in advance.

In the fuel 1injection correction step, the controller CLR
corrects a current value of an mnjector 1 which 1s applied to
inject the target fuel amount to remove the fuel amount
difference.

For example, a maximum {frequency analysis value 1s
determined from a target fuel amount through analysis using
the FFT algorithm.

Furthermore, the difference value between the determined
maximum frequency analysis value and a maximum refer-
ence Irequency analysis value stored for the target fuel
amount 1n the data storage 50 1s determined.

That 1s, a maximum Ifrequency analysis value which 1s the
peak value of the determined frequency analysis value and
a maximum reference frequency analysis value which 1s the
peak value of a stored frequency analysis value are com-
pared. The reason ol comparing maximum values, as
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described above, 1s for increasing reliability of correspond-
ing target fuel amount because the peak values of analysis
values determined through frequency analysis for target fuel
amounts have large differences and the other analyzed
values for the target fuel amounts have little differences.

Next, a fuel amount difference corresponding to the
difference between the determined maximum Irequency
analysis value and the stored maximum reference frequency
analysis value and a current value corresponding to the fuel
amount difference 1s determined, whereby a current value of
the imjector 1 which 1s applied to inject the target fuel
amount 1s corrected.

Such correction of a current value for the injector may be
sequentially performed for all the injectors 1. That 1s, when
an engine has four injectors 1a, 15, 1¢, and 14, current value
correction may be performed for all of the four injectors 1a,
15, 1¢, and 14d.

Furthermore, current value correction of the imjectors 1
may be performed for each of target fuel amount by differ-
ently setting the target fuel amounts to be learned.

For example, when a current value of any one injector 1
1s corrected, the target fuel amount may be set 1n the umt of
1 mg/str and a current value of the injector 1 may be
corrected for each target fuel amount.

The entire flow of the process of correcting a fuel 1njec-
tion amount of the present invention 1s described with
reference to FIG. 3. It 1s determined whether a drniving
condition that does not require fuel 1njection 1s satisfied 1s
determined in accordance with drniving conditions of a
vehicle which 1s being driven (S10).

When the driving condition that does not require fuel
injection 1s satisfied, as the result of determination in S10, a
current value of an 1njector 1 for a target fuel amount of the
injector 1 to be learned 1s applied and fuel 1s injected (S20).
That 1s, a current value of the injector 1 for injecting a target
fuel amount to be learned 1s applied to the injector 1,
whereby fuel 1s 1njected by the target fuel amount.

When fuel 1s injected by the target fuel amount, as
described above, a pressure signal 1s detected through the
pressure sensor 5 mounted on the fuel pressure rail 3 (S30)

and a maximum frequency analysis value for the target fuel
amount 1s determined by analyzing the detected pressure
signal through an FFT algorithm (540).

Next, the maximum Irequency analysis value for the
currently 1njected target fuel amount and a maximum ret-
erence Irequency analysis value stored for the target fuel
amount in the data storage 50 are compared, determining the
difference value of the analysis values (550).

Furthermore, a fuel amount difference corresponding to
the difference value 1s determined (S60), a correction current
value of the injector 1 corresponding to the fuel amount
difference 1s determined (S70), correcting a current value of
the mjector 1 which 1s applied to iject the target fuel
amount (S80).

Next, the present correction process may be performed on
the 1njector 1 for each of target fuel amounts to be learned.
Furthermore, the present correction process 1s performed on
injector other than the injector 1 for each of target fuel
amounts to be learned, being able to correct the fuel njec-
tion amounts of the mjectors 1.

As described above, according to an exemplary embodi-
ment of the present invention, the difference between a
target fuel amount and the amount of the actually mjected
tuel 1s removed and fuel 1s 1mjected to be more suitable for
driving conditions of the vehicle, whereby the temperature
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of a catalyst 1s more accurately controlled. Accordingly, it 1s
possible to improve EM and prevent hardware damage to the
catalyst.

For convenience 1n explanation and accurate definition in

the appended claims, the terms “upper”, “lower”, “inner”,

“outer”, “up”, “down”, “upwards”, “downwards”, “front”,
“rear”, “back”, “mnside”, “outside”, “mwardly”, “out-
wardly”, “internal”, “external”, “inner”, “outer”, *“lor-

wards”, and “backwards’ are used to describe features of the
exemplary embodiments with reference to the positions of
such features as displayed in the figures. It will be further
understood that the term “connect” or 1its derivatives refer
both to direct and indirect connection.

The foregoing descriptions of specific exemplary embodi-
ments of the present invention have been presented for
purposes of 1llustration and description. They are not
intended to be exhaustive or to limit the present invention to
the precise forms disclosed, and obviously many modifica-
tions and variations are possible 1n light of the above
teachings. The exemplary embodiments were chosen and
described to explain certain principles of the present inven-
tion and their practical application, to enable others skilled
in the art to make and utilize various exemplary embodi-
ments of the present invention, as well as various alterna-
tives and modifications thereof. It 1s intended that the scope
of the present invention be defined by the Claims appended
hereto and their equivalents.

What 1s claimed 1s:
1. A method of correcting a fuel injection amount, the
method comprising:
applying a current value for 1injecting a target fuel amount
to an mjector of a fuel pressure rail and injecting fuel,
upon determining, by a controller, that a fuel amount
correction driving condition that does not requires fuel
injection 1s satisfied;
detecting a pressure signal of a fuel rail pressure from
which the fuel 1s injected, upon determining, by the
controller, that the fuel 1s 1njected;
determining, by the controller, a frequency analysis value
of the detected pressure signal;
determining, by the controller, a fuel amount difference
corresponding to a difference value between the deter-
mined frequency analysis value and a reference 1ire-
quency analysis value stored i a data storage in
advance; and
correcting, by the controller, the current value of the
injector, the current value of the injector being applied
to 1nject the target fuel amount to remove the fuel
amount difterence,
wherein the frequency analysis value 1s determined by
analyzing the detected pressure signal through a Fast
Fourier Transform (FFT) algorithm, and
wherein the current value of the injector which 1s applied
to 1nject the target fuel amount 1s corrected by:
determining a maximum frequency analysis value for
the target fuel amount through an analysis of the FF'T
algorithm;
determining a difference value between the determined
maximum frequency analysis value and a maximum
reference frequency analysis value stored 1n the data
storage for the target fuel amount;
determining the fuel amount difference corresponding
to the difference value; and
determining the current value corresponding to the fuel
amount difference.
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2. The method of claim 1,

wherein the current value for injecting the target fuel
amount 1s applied to one of predetermined 1njectors of
the fuel pressure rail, injecting fuel through a corre-
sponding 1njector.

3. The method of claim 1, wherein the pressure signal 1s

a signal which 1s detected by a pressure sensor mounted on
the fuel pressure rail.
4. The method of claim 1, wherein current value correc-
tion of the injector 1s sequentially performed on all 1njectors
of the fuel pressure rail.
5. The method of claim 1, wherein current value correc-
tion of the imjector 1s performed for each corresponding
target fuel amount by differently setting target fuel amount
to be learned.
6. The method of claim 1, wherein when the fuel amount
correction driving condition 1s satisfied, the fuel 1s ijected
by applying a current value previously learned through
correction.
7. A system of correcting a fuel injection amount, the
system comprising:
a Tuel 1njection controller that applies a current value for
injecting a target fuel amount to an injector of a fuel
pressure rail such that fuel 1s 1njected when a driving
condition that does not require fuel mjection 1s deter-
mined;
a pressure signal analyzer that detects a pressure signal of
the fuel pressure rail and determines a frequency analy-
sis value of the detected pressure signal upon deter-
mining that fuel according to the target fuel amount 1s
injected;
a tuel diflerence calculator that determines a fuel amount
difference corresponding to a diflerence value between
a frequency analysis value for the determined target
fuel amount and a reference frequency analysis value
stored 1n a data storage in advance; and
a Tuel 1njection corrector that corrects the current value of
the 1njector which 1s applied to imject the target fuel
amount to remove the determined fuel amount difler-
ence,
wherein the frequency analysis value 1s determined by
analyzing the detected pressure signal through a Fast
Fourier Transform (FFT) algorithm, and
wherein the current value of the injector which 1s applied
to 1nject the target fuel amount 1s corrected by:
determining a maximum Irequency analysis value for
the target fuel amount through an analysis of the FFT
algorithm;

determining a difference value between the determined
maximum frequency analysis value and a maximum
reference frequency analysis value stored 1n the data
storage for the target fuel amount;

determining the fuel amount difference corresponding,
to the diflerence value; and

determining the current value corresponding to the fuel
amount difference.

8. A system of correcting a fuel injection amount, the
system comprising a controller configured of:

applying a current value for injecting a target fuel amount
to an 1njector of a fuel pressure rail such that fuel 1s
injected when a driving condition that does not require
fuel 1njection 1s determined;

detecting a pressure signal of the fuel pressure rail and
determining a frequency analysis value of the detected
pressure signal upon determining that the fuel accord-
ing to the target fuel amount 1s 1njected;
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determining a fuel amount difference corresponding to a
difference value between a frequency analysis value for

the determined target fuel

amount and a reference

frequency analysis value stored in a data storage in

advance; and
correcting the current value
applied to 1nject the target -

of the injector which 1s
uel amount to remove the

determined fuel amount dif

‘erence,

wherein the frequency analysis value 1s determined by
analyzing the detected pressure signal through a Fast
Fourier Transform (FFT) algorithm, and
wherein the current value of the injector which 1s applied
to 1inject the target fuel amount 1s corrected by:
determining a maximum frequency analysis value for
the target fuel amount through an analysis of the FFT

algorithm;

determining a difference value between the determined
maximum frequency analysis value and a maximum
reference frequency analysis value stored 1n the data
storage for the target fuel amount;

determining the fuel amount difference corresponding
to the difference value; and
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determining the current value corresponding to the fuel
amount difference.

9. The system of claim 7,

wherein the current value for injecting the target fuel

amount 1s applied to one of predetermined 1njectors of
the fuel pressure rail, injecting fuel through a corre-
sponding 1njector.

10. The system of claim 7, wherein the pressure signal 1s
a signal which 1s detected by a pressure sensor mounted on
the fuel pressure rail.

11. The system of claim 8, wherein current value correc-
tion of the mnjector 1s sequentially performed on all 1njectors
of the fuel pressure rail.

12. The system of claim 8, wherein current value correc-
tion of the injector 1s performed for each corresponding
target fuel amount by differently setting target fuel amount
to be learned.

13. The system of claim 8, wherein when the fuel amount
correction driving condition 1s satisfied, the fuel 1s mjected

by applying a current value previously learned through
correction.
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